Distributional patterns of the South American species of the freshwater amphipod genus Hyalella were analysed using a panbiogeographic approach. Five generalized tracks were found: (1) northern Andes to Lake Titicaca (H.
Distributional patterns of the South American species of Hyalella (Amphipoda: Hyalellidae)

INTRODUCTION
Freshwater amphipods inhabit superfi cial and underground waters. They have different trophic roles: herbivores, carnivores, detritivores or omnivores (Witt and Hebert 2000; Väinöla et al. 2008) . In South America, amphipods are represented by species inhabiting subterranean (Bogidellidae) and superfi cial (Hyalellidae) waters (Väinöla et al. 2008) . Hyalellidae are represented in the Americas by the genus Hyalella, which has been recently studied from a taxonomic perspective (Witt and Hebert 2000; Witt et al. 2003; González and Wattling 2002a-c, 2003a-c; González 2003; González et al. 2006) , and is possibly found in New Zealand (Pugh et al. 2002) .
Recent studies on Chilean species of Hyalella indicate that they inhabit subsaline inland waters, such as streams and shallow ponds in northern Chile (González 2003; De los Ríos et al. 2010) , coastal inland waters (González 2003) , and oligotrophic inland waters of Patagonia between 38-51º S (González 2003; De los Ríos et al. 2007 ; De los Ríos and Roa 2010) . Similar studies have investigated Central Argentina and Patagonia (Lopretto 1982 (Lopretto , 1983a Miserendino 2001; Jergentz et al. 2004; Miserendino et al. 2008; Zilli et al. 2008) .
Integrative biogeographic studies of the species of Hyalella have not yet been conducted. Here we undertake a preliminary track analysis of the South American species of this genus to improve current understanding of their patterns of geographical distribution.
MATERIAL AND METHODS
Distributional data for this study were obtained from the literature (Lopretto 1982 (Lopretto , 1983a Pereira, 1985 , 1989 Pereira et al. 1985 , 1989 Stock and Plavoet 1991; Bond-Buckup and Araujo 1998; Casset et al. 2001; González and Coleman 2002; González and Wattling 2002a-c, 2003a-d; Carrera and Günkel 2003; González 2003; Jergentz et al. 2004; Pereira 2004; Coleman & González, 2006; Galan & Herrera, 2006; González et al. 2006; Da Silva and BondBuckup 2008; Dos Santos et al. 2008; Dutra et al. 2008; Zilli et al. 2008; Rauque and Semenas 2009; Spaccesi & Rodríguez. 2009; De los Ríos et al. 2007 , 2010 De los Ríos and Roa 2010; Cardoso et al., 2011; Bastos-Pereira & De Padua-Bueno, 2012 (Brehm-Lunz, 1928 , 1935 Gonzalez & Wattling, 2003c; González et al., 2006) Coordinates of localities were obtained from the literature or calculated on maps and rounded to minutes. Within each country, localities are ordered roughly in a south-north direction. For details on the localities of each species see Appendix.
The panbiogeographic approach involves plotting distributions of different taxa on maps and joining their separate localities with lines called individual tracks. These tracks represent the geographical coordinates of species or higher taxa. Operationally, they consist of lines drawn on a map connecting the localities at which the taxa occur according to their geographical proximity. When different individual tracks are superimposed, the resulting summary lines are considered generalized tracks, which are interpreted as indicating the pre-existence of ancestral biotas that subsequently became fragmented by tectonic and/or climatic change. If two or more generalized tracks intersect in a given area, they determine a node, which indicates that different ancestral biotic and geological fragments interrelate in space and time as a consequence of terrain collision, docking or suturing. This node thus constitutes a composite area. For further details about panbiogeographic methods, see Morrone (2004 Morrone ( , 2006 Morrone ( , 2009 .
RESULTS
Individual tracks and localities of the species analyzed are represented in fi gures 1-9. In northern South America, H. anophthalma, H. azteca and H. inermis has been reported from Venezuela (Fig. 1a) and H. paramoensis from northern Colombia (Fig. 1b) . Hyalella quindioensis has been reported in inland mountain waters of the Colombian Andes (Fig. 2a) . In the northern Andean inland waters, H. simplex cangallensis (Fig. 1c) , H. pauperocavae (Fig.  2b ), H. lubomirskii (Fig. 3a) , H. dybowskii (Fig. 2c) , and H. meinerti (Fig. 3b ) have been reported. In coastal zones of Lake Titicaca (Peru and Bolivia), 17 species have been reported: H. echinus, H. crawfordi, H. gauthieri, H. longipalma, H. neveulemairei, H. cuprea, H. nefrens, H. armata, H. lucifugax, H. montforti, H. tiwanaku, H. longipes, H. latimanus, H. robusta, H. longispina, H. solida, and H. jelskii (Fig. 4a) . Hyalella fossamancinii has been reported from inland waters of the Andes Argentina and northern Chile (Fig. 4b) . Hyalella kochi occurs in Argentinean and Chilean mountain inland waters (Fig. 5a ). Several species have been reported near the Atlantic coast: H. gracilicornis (Fig. 4c) , H. warmingi (Fig. 5b) , H. pernix (Fig. 5c ), H. spelaea, H. longistila (Fig. 6a) , H. caeca (Fig. 6b) , and H. dielaiii (Fig. 4d) . The following species have been reported from southern Brazil: H. carstica (Fig. 2e) , H. longistila (Fig. 2f) , H. pseudoazteca (Fig. 5d ), H. montenegrinae (Fig.  6c) , H. castroi (Fig. 7a) , and H. pleoacuta (Fig. 7c) . Two species are restricted to streams from Buenos Aires province, Argentina: H. bonariensis (Fig. 6d ) and H. pampeana (Fig.  7b) . The species H. costera has been reported from coastal wetlands, streams, and shallow ponds from northern Chilean Patagonia to northern Chile, in the Antofagasta region (Fig.  7d) . Hyalella chiloensis has been reported from Central Patagonia, coastal lakes in Chiloé Island, and Concepción in central Chile (Fig. 6e) . Hyalella falklandensis (Fig. 7e ) and H. neonoma (Fig. 5e ) have been reported from the Falkland Islands (Islas Malvinas). In Patagonia, including nearby islands, H. patagonica has been reported (Fig. 1e) . In Argentina, H. curvispina has been reported from southern, central and northern Argentinean Patagonia in large and deep lakes and in Buenos Aires province; it has also been reported from the Falkland Islands, Uruguay, southern Brazil specifi cally in coastal inland waters, and from Peru (Fig. 8a) . Hyalella rionegrina has been reported from one locality in Chubut province, in Argentinean Patagonia (Fig.  2d) . A species restricted to Chile is H. simplex, is known from southern Chilean Patagonia, specifi cally from coastal inland waters of the Strait of Magellan strait and from a high-mountain shallow lake in northern Chilean Patagonia Fig. 9 . Generalized tracks and nodes; 1, northern Andes generalized track; 2, lake Titicaca generalized track and node; 3, central Andes generalized track; 4, Pampas generalized track; 5, Subantarctic generalized track. (Fig. 3d) . Hyalella franciscae has been reported from lakes of Torres del Paine National Park, in the Magellan region (Fig. 7f) .
Based on the overlap of the different individual tracks, we identifi ed fi ve generalized tracks (Fig. 9) One node (Fig. 9) was found where generalized tracks 1, 2, and 3 intersect, at lake Titicaca.
DISCUSSION
The generalized tracks identifi ed are similar to those described by Menu-Marque et al. (2000) , who applied this procedure to the copepod genus Boeckella. That study identifi ed a generalized track in southern Patagonia, the Atlantic coast of Argentina, the Andean mountains of northern Argentina and Chile, and the Andean regions of Bolivia, Colombia and Ecuador. Nevertheless, the nodes reported in the present study differ from those identifi ed by Menu-Marque et al. (2000) . Species of Hyalella are also known from Mexico and Central America, Bousfi eld (1996) supported it, and suggested the presence of Austrohyalella and Mesohyalella genus in South America. Nevertheless, the recent literature mentioned the presence of Hyalella genus for all American continent (Väinöla et al., 2008; Witt & Hebert 2000; Wit et al., 2006) The absence of nodes in southern Patagonia agrees with analyses for Subantarctic islands (Pugh et al. 2002) and southern South America (Dos Santos et al. 2008) , about similarities between continental Subantarctic species. Our results contrast with those from calanoid copepods (MenuMarque et al. 2000) and fi shes of the genus Galaxias (Cussac et al. 2004) , that are known from southern Patagonia, New Zealand and adjacent islands, a different situation was reported for species of Hyalella that are widespread in South North America (Witt & Hebert, 2000; Witt et al. 2003) . The results of geographical distribution of Hyalella genus are similar in comparison to freshwater crabs of Aegla genus that is located in central and southern Argentina and Chile, and east South America, specifi cally Brazil and Uruguay (Pérez-Lozada et al., 2002 , 2009 ). Nevertheless, species reports for practically all South American inland waters are rather scarce, so future analyses may modify these results, specifi cally between 18-8° N, the Titicaca basin, and eastern South America. (Faxon 1876) . BOLIVIA: Achacache, lake Titicacaca (16º 06' S; 68º 26' W) ).
